Objective: To compare the efficacy of intramedullary nailing (IMN) and minimally invasive percutaneous plate osteosynthesis (MIPO) in treatment of humeral shaft fractures. Methodology: The study included patients with humeral shaft fractures who received surgery by IMN or MIPO. The intraoperative outcomes including operation time, bleeding volume, and the postoperative outcomes were also recorded. The Constant-Murley scores were used for assessment of function of shoulder joint and Mayo score was used for measurement of elbow joint function. Results: Among a total of 436 patients with humeral shaft fractures, 204 cases received MIPO and 232 cases received IMN. The follow-up duration ranged from 16~36 months with a mean duration of 25.8 ±6.1 months. The mean operation time, mean bleeding volume, mean hospitalisation time and mean healing time showed no significant difference between MIPO and IMN groups. No significant difference was observed in Mayo scores, but the Constant-Murley scores of MIPO group was significantly higher that the IMN group. Fracture nonunion was observed for 15 (6.5%) cases in IMN group; however, only 1 (0.5%) case was found to be nonunion in MIPO group. Meanwhile, 9 (4.4%) cases showed radial nerve injury in the MIPO group, with no significant difference compared to the IMN group of 15 (6.5%) cases. Conclusion: Both the two methods were effective; however, MIPO method might be better for recovery of shoulder function and might reduce the nonunion rate.
INTRODUCTION
Humeral shaft fractures account for about 20% of humeral fractures and 1-3% of all fractures. 1, 2 Generally, nonoperative treatment is suitable for most humeral shaft fractures. However, when cases are with open fractures, polytrauma or the non-operative treatment cannot achieve satisfied outcomes, the operative methods are needed. 3, 4 Both intramedullary nailing (IMN) and the minimally invasive plate osteosynthesis (MIPO) technique are now widely adopted in surgical treatment of humeral shaft fractures. 5 However, the controversy for which is better continues. Generally, the MIPO technique uses an indirect reduction technique with smaller incisions and less surgical injury than traditional plate osteosynthesis. 6 However, IMN also uses similar technique. 7 On the other hand, some studies reported in distal extra-articular fractures, the reduction and stable fixation using IMN might be technically challenging. 8 Compared with other common shaft fractures like tibial shaft fractures 9 , the comparison for efficacy between IMN and MIPO in treatment of humeral shaft fractures is still inadequate, and most comparison study included limited cases. Thus, studies with bigger study size are still needed to further confirm the efficacy of IMN and MIPO in treatment of humeral shaft fractures. This study aimed to compare the efficacy of MIPO and IMN in treatment of humeral shaft fractures and might provide more clinical evidence for the two methods. by X-ray or CT scan ( Figure 1 ). The patients received surgery by IMN or MIPO according to different case conditions and the surgeon's experience. The humeral shaft fracture was defined as fractures at the position between the surgical neck of humerus (more than 3 cm from surgical neck of humerus) and the olecranon fossa (about 5 cm from olecranon fossa). In all cases, the closed reduction could not achieve or did not give good outcomes. All included cases were unilateral fracture. Patients with history of humeral shaft fractures, with pathological fractures caused by tumor and less than 18 years of age were excluded. The MIPO surgery, as well as the IMN surgery, was conducted according to a consistent protocol. For MIPO, the locking compression plate (LCP, Weigao Group Medical Polymer Products Co., Ltd., Shandong, China) was used as reported previously. 10 For IMN group, the surgery was conducted using interlocking intramedullary nailing as described elsewhere. 11 Informed consent was obtained from all patients. The present study was approved by Ethics Committee of Zhejiang Hospital.
Patients' clinical characteristics such as age, gender, causes of fractures, and AO type were collected. The intraoperative outcomes including operation time, bleeding volume, and the postoperative outcomes, such as hospitalisation time, healing time and postoperative complications were also recorded. The Constant-Murley scores were used for assessment of function of shoulder joint; and Mayo score was used for measurement of elbow joint function. The follow-up for patients ranged from 16~36 months. The data of complications were collected during the follow-up period for each patient.
The data was expressed by mean ±SD. Chi-square analysis was used for comparison of rates. Comparisons were conducted using student t-test when comparing two groups. It was considered to be statistically significant when p-value was less than 0.05. All calculations were made using SPSS 18.0.
RESULTS
The present retrospective study included a total of 436 patients with humeral shaft fractures, with mean age of 41.2 ±13.9 years. Among all patients, 242 cases were with AO A type, 143 cases were with AO B type and 61 cases were with AO C type. Follow-up duration ranged from 16~36 months with a mean duration of 25.8 ±6.1. No significant difference in basic characteristics was found between the two groups ( Table I) .
The mean operation time, mean bleeding volume, mean hospitalisation time and mean healing time were compared between MIPO and IMN groups. As shown in Table II , all indices showed no significant difference between the two groups, suggesting that there was no significant difference for intraoperative outcomes and healing duration for the two methods.
To further compare the MIPO and IMN methods, Constant-Murley scores and Mayo scores for all patients Comparison between intramedullary nailing and minimal invasive percutaneous plate osteosynthesis in treatment of humeral shaft fractures 
DISCUSSION
Both MIPO and IMN now have been widely used in treatment of fractures of long shaft. However, the difference for the two methods in treatment of humeral shaft fractures is rarely reported. In the present study, both the two methods were effective; however, MIPO method might be better for recovery of shoulder function and might reduce the nonunion rate using a retrospective study.
MIPO has been reported in treatment of many kinds of long shaft fractures. Saengsin et al. showed the sonography assisted MIPO was effective in femoral shaft fracture and MIPO was as accurately as the radiography. 12 Recently, Zhang et al. showed MIPO could be used in treatment of displaced midshaft clavicular fracture, and MIPO technique with locking reconstruction plate was a feasible and worthwhile alternative method. 13 It was also demonstrated in many cases that MIPO has efficacy with less complications in treatment of tibial shaft fracture. 14, 15 In the present study, we also demonstrated MIPO was effective in treatment of humeral shaft fractures, with very low rates of nonunion and nerve injury.
There are also many studies oppositional to IMN in treatment of long shaft fractures. Vallier et al. compared IMN with traditional plate and found although both methods were effective for treatment of distal tibia shaft fractures, the nonunion rate was higher for IMN. 16 Vinzenz et al. studied 60 cases and recommended that elastic stable intramedullary nailing was the best for midshaft clavicular fractures without comminution. 17 Jia et al. demonstrated a meta-analysis to compare IMN with plate technique and found both the methods were effective in treatment of humeral shaft fractures. However, nailing significantly increased the risk of shoulder complications. 18 In the present study, also it was found that IMN could give good clinical outcomes with low complication rate in treatment of humeral shaft fractures. Similarly, in our research, we found that IMN and MIPO provided similar postoperative results, except for shoulder function and the complication of nonunion.
The comparison of MIPO and IMN can also be seen in several researches. Polat et al. indicated both IMN and MIPO had similar therapeutic efficacy regarding functional outcomes and none had a major advantage over the other in treatment of extra-articular distal tibial shaft fractures. 9 In a case-match controlled retrospective study for 30 cases, the authors reported MIPO was better than IMN with significant lower complication rate of nonunion and radial nerve injury. 19 In a comparison for MIPO, IMN, and open reduction plate osteosynthesis for a total of 112 cases, it was also concluded that MIPO was overall better with respect to non-union, functional outcome and complications rate in treatment of humeral shaft fractures. 20 In this research, it was demonstrated that MIPO method might be better for recovery of shoulder function and might reduce the nonunion rate. However, the intraoperative outcomes and recovery time of the patients did not show difference. Thus, it was thought that both the two methods are acceptable in treatment of humeral shaft fractures.
The present study also has some limitations. First, this is a retrospective study, so a prospective study in the future may give deeper understanding. Secondly, the present study contains a medium sample size; more cases or meta-analysis including bigger size of patients may be needed.
